Little is known about the relationship between HPV vaccine uptake and other risk factors for cervical cancer. This study aimed to measure the association between vaccine status and cervical cancer risk factors in adolescent girls. Girls (15-16 years) from the first two cohorts to be offered routine HPV vaccination in the NHS immunisation programme completed a survey 3 years post-vaccination. Recruitment took place at 13 schools in London. Of 2768 girls registered in Year 11, 1912 (69%) took part and provided analysable data. Questions assessed vaccine status, demographic characteristics, smoking status, sexual behaviour and intention to attend cervical screening. Overall, 78% had completed the three-dose vaccine course. There was no association between vaccine status and smoking behaviour or sexual experience. In adjusted analyses, girls from black or 'other' ethnic backgrounds were less likely to be fully-vaccinated than those from white backgrounds. Those with low intentions to attend cervical screening were less likely to be fully vaccinated than those with high intentions. Efforts will be needed to ensure that unvaccinated women understand the importance of cervical screening when they reach the age that screening begins. Ethnic inequalities in vaccine coverage need to be explored further.
Introduction
In England, girls age 12-13 years are offered free human papillomavirus (HPV) vaccination in a school-based programme launched in 2008. The programme has achieved high coverage, with latest figures showing that 84% and 81% of eligible girls in the first (2008/9) and second (2009/10) cohorts to be offered the HPV vaccine have received all three doses as recommended [1] . This relatively new cervical cancer control policy is complemented by a long-standing call-recall screening programme for women aged 25-64 years, in which women receive regular screening invitations by post. Women aged 25-49 years are invited every 3 years and women aged 50-64 years are invited every 5 years. Written invitations ask women to make an appointment for a Pap test with their general practitioner or primary care nurse. The programme is funded by the NHS and is free at the point of delivery. Screening uptake in women aged 25-64 years is high, with 78% having been screened at least once in the previous 5 years [2] .
Despite the successful screening programme, almost 3000 women are diagnosed with cervical cancer each year in the UK, and about 900 women die of the disease [3] . Modelling studies have estimated that 80% vaccine coverage will result in a 63% decrease in cervical cancer incidence in 20-29 year old women by 2025 [4] . However this assumes an equal level of baseline risk of cervical cancer in vaccinated and unvaccinated girls. If unvaccinated girls are, in fact, at higher risk of cervical cancer for reasons other than their vaccination status (e.g. early sexual debut, smoking or nonattendance at screening), then the true impact of the vaccination programme may be less than has been anticipated. In their modelling study, Cuzick and colleagues acknowledge that it is unknown whether non-participation in vaccination and screening will be independent of one another. They raise the possibility that vaccinated women may perceive less need for screening, but also that factors like deprivation may be associated with non-participation in both programmes [4] . The relationship between vaccine status and screening participation in England will not be apparent until about 2021, when the cohort vaccinated in 2008 will be eligible for screening. The full impact of the vaccine on cervical abnormalities and cancer will not be seen until even later.
Currently, the major determinant of cervical cancer risk in England is screening attendance [5] . Screening attendance is demographically patterned, with non-white women and those with less education and from lower socioeconomic status (SES) backgrounds being less likely ever to attend screening [6] [7] [8] [9] . Other major risk factors for cervical cancer are having many sexual partners, due to an increased risk of HPV acquisition [10] , and cigarette smoking [11] [12] [13] . Smoking status is strongly related to SES [14] and ethnicity [15] ; and sexual behaviour also varies by ethnic group [16] . Associations between sexual behaviour and SES are less clear-cut [17] but women with academic qualifications and managerial/professional occupations are at lower odds of having intercourse before the age of 16 [18] .
There is emerging evidence that these risk factors for cervical cancer may also be related to HPV vaccination status. Non-white women are less likely to have been vaccinated than white women in the UK and elsewhere [19, 20] , and black ethnic groups are particularly unlikely to be vaccinated in the US [21] . The role of religion in vaccine initiation is less clear [21] . A social gradient in HPV vaccination uptake has been observed in the UK catch-up cohorts [22] , but is less clear in the routine cohorts [23] [24] [25] .
In most cases HPV vaccination is offered some years before cervical screening and therefore few studies have examined the association between uptake of HPV vaccination and cervical screening attendance. Studies in Australia [26] and Germany [27] that have explored this have found no significant association, but samples have been small and have tended to include older women who received the vaccine on an opportunistic basis. A larger study conducted as part of an evaluation of the immunisation programme in Scotland found higher intentions to attend future cervical screening in vaccinated girls [28] , and a study in Wales found that unvaccinated women from the catch-up cohort were less likely to attend screening when invited at age 20 [29] ; however no such research has yet been conducted in England.
This study aimed to establish whether unvaccinated girls are likely to be at disproportionately higher risk of cervical cancer. We used data collected from vaccinated and unvaccinated girls in the first two cohorts of the HPV immunisation programme to consider the association between vaccine status and (i) demographic risk factors and (ii) behavioural risk factors for cervical cancer.
Materials and methods

Design and participants
Assuming that vaccine coverage (three doses) would be 77.5%
[30], we determined that a sample size of 2000 would include approximately 450 unvaccinated girls, giving us 80% power to detect a 6% difference in the proportion of these girls who would be sexually active by the time of the survey, compared with the vaccinated girls (alpha = .05). We therefore set a target of recruiting 2000 participants over two cohorts.
Female adolescents in UK school Year 11 (age 15-16 years) were recruited from 13 state-funded schools across London, England in September 2011. In 2008/9 these girls were in the first cohort to be offered the bivalent HPV vaccine at school in Year 8. A sampling frame was used to randomly select state-funded schools that varied in terms of SES and HPV vaccine uptake. Only schools that achieved vaccine uptake levels within ±10% of the national average in 2008/9 (80%) [30] were included (n = 89), to eliminate schools where uptake might be unusually high or low for idiosyncratic reasons related to delivery rather than the individual characteristics that were the focus of this study. Schools were classified as having achieved uptake rates above or below the national average. School-level SES was measured using General Certificate in Secondary Education (GCSE) attainment and Free School Meal Eligibility (children are eligible for free school meals if their parents are entitled to means-tested welfare benefits from the UK government [31] ). Schools were classified as being above or below the national average on each of these measures [32, 33] . Schools were randomly selected from each cell of the sampling frame and contacted via email and telephone until we reached an estimated target sample of 1000 participants, based on school roll numbers. Further details about the sampling frame have been reported elsewhere [34] .
All 89 schools were sent details of the study; 13 schools agreed to participate, 19 refused due to scheduling difficulties and 57 did not respond to our initial contact and were not re-contacted because the target sample had been achieved. One year later, in September 2012, female adolescents in school Year 11 were recruited from 12 of the original 13 schools; one school withdrew from the study because of scheduling difficulties. These girls were in the second cohort offered the routine HPV vaccine at school (in 2009/10). Identical materials and methods were used during the two waves of data collection.
Parents received an information sheet about the study and an opt-out form 1 week before the research took place. Parental consent was implied if the opt-out form was not returned to the school. All girls in attendance were given an information sheet and a questionnaire booklet. Consent was implied upon completion of the questionnaire and all girls were debriefed with an information sheet containing information about HPV. The study was approved by UCL research ethics committee (ref: 0630/002).
Measures
Demographic characteristics
Participants were asked to report their age, ethnicity, religion and, if they reported a religious affiliation, to say whether they practised their religion. Household wealth was measured using the Family Affluence Scale [35] ; a validated self-report measure for adolescents. This measure asks adolescents how many vehicles and computers their family owns, whether they have a bedroom to themselves and how many holidays they have had with their family in the past year. Items were summed to give an overall family affluence score (range 0-10), which was split into tertiles: 'low' (scores of 0-4), 'medium' (scores of 5-6) and 'high' (scores of 7-10).
Risk factors for cervical cancer
Participants were asked whether they smoked (yes/no). Sexual experience was assessed by asking participants 'Have you ever had vaginal sex?' (yes/no); this question was adapted from the 'National Survey of Sexual Attitudes and Lifestyles' [17] . Expectation of having sex in the next year was also assessed using two items adapted from Sheeran and Orbell [36] : 'I expect I will have sex this year' and 'I think I will have sex this year' (5-point scale: 'strongly disagree' to 'strongly agree', scored from 1 to 5). These items correlated highly (r = 0.97) and were summed to give an overall score which was split into tertiles: 'no expectation' (scores of 2), 'low expectation' (3) (4) (5) and 'high expectation' (6-10) of having sex in the next year. Intention to attend cervical screening in the future was assessed using similar items: 'When I am older and am invited to go for a smear (Pap) test, I intend to go' and 'When I am older and am invited to go for a smear (Pap) test, I will try to go' (with a 5-point response scale as before). The items correlated highly (r = 0.89) and were summed to give an overall screening intention score which was split into tertiles: 'low intention' (scores of 2-6), 'medium intention' (7) (8) and 'high intention' (9) (10) . Other measures in the questionnaire that are not reported here have been described elsewhere [34] .
Vaccine status
After reading a brief description of the HPV vaccine (see Box 1) participants were asked to indicate their vaccine status (response options: 'I have had all 3 doses of the HPV vaccine'; 'I have had 1 or 2 doses of the HPV vaccine'; 'I have been offered the HPV vaccine but I haven't had it'; 'I have not been offered the HPV vaccine'; 'I don't know').
Box 1
Human papillomavirus (HPV) is a very common infection involved in most cervical cancer. It is transmitted via skin-to-skin contact, most commonly during sexual activity. A vaccine was developed that protects against this infection. You should have been offered the HPV (cervical cancer) vaccine in Year 8. It involved having three injections over about 6 months.
Analysis
Logistic regression analyses, clustering by school and cohort, were used to examine the association between HPV vaccine status (fully vaccinated versus un-/under-vaccinated) and other risk factors for cervical cancer. It is necessary to adjust for clustering of data within schools and cohorts in order to obtain unbiased tests of significance. Analyses were performed using the Complex Samples function in SPSS v.20 [37] .
Results
Sample characteristics
A total of 2162 girls agreed to participate in the study (n = 1033 from the 2008/9 cohort and n = 1129 from the 2009/10 cohort) (see Fig. 1 ). The overall participation rate among girls in attendance at the point of data collection was over 98% across both years. Eighteen girls and nine parents refused consent and based on the school Demographic characteristics of the sample are shown in Table 1 . The sample was ethnically diverse with only 44.2% reporting being from a white background (n = 845/1912). The largest religious group was Christian (n = 814/1912; 42.6%) and overall 40.1% of respondents reported practising a religion (n = 767/1912). The mean Family Affluence Score was 5.57 (SD = 1.92; range: 0-10). There were some significant differences between cohorts (see Table 1 for p-values). More girls in the first cohort were Christian (45% vs. 40%) while more in the second cohort had no religion (33% vs. 27%). Girls in the first cohort were more likely to report having had vaginal sex (20% vs. 16%) and had higher screening intentions than girls in the second cohort (35% vs. 28%).
Vaccine status and demographic risk factors
In unadjusted analyses there was a significant association between vaccine status and ethnicity; girls from all non-white ethnic backgrounds were significantly less likely to be fully vaccinated than those from white ethnic backgrounds (white: 85%, non-white: 69-78%; see Table 2 ). There was also a significant association between vaccine status and religion; girls with no religious affiliation were more likely to be fully vaccinated than Christian girls (85% vs. 77%). There appeared to be a linear association between vaccine status and family affluence, but this did not reach statistical significance. There was no association between vaccine status and religiosity. After adjusting for ethnicity, religion was no longer significantly associated with vaccine status. However, the ethnicity association remained significant after adjusting for religion; girls from black and 'other' ethnic backgrounds were less likely to be fully vaccinated than girls from white backgrounds.
Vaccine status and behavioural risk factors
There was no association between vaccine status and current risk behaviours: smoking status or sexual experience. There was no association between vaccine status and expectation of having sex in the next year; however cervical screening intentions were associated with vaccine status. Those with low intentions to attend cervical screening in the future were significantly less likely to be fully vaccinated compared with those who had high intentions (70% vs. 81%). This association remained significant after adjusting for ethnicity and religion.
Discussion
This study showed that compared with fully vaccinated girls, those who had not received all three doses were more likely to be from non-white ethnic backgrounds and to have lower intentions to attend for cervical screening in the future. These results support previous studies that suggest non-white ethnicity is associated with being un/under-vaccinated [19] [20] [21] and that unvaccinated girls may be less likely to attend cervical screening [28, 29] . Encouragingly, we found no evidence of an association between vaccination status and socioeconomic status, sexual behaviour or cigarette smoking; again, supporting previous findings that vaccination status does not influence sexual behaviour [38, 39] and that coverage is not associated with area-level deprivation [25] . It is likely that the association between vaccination uptake and participation in screening is explained by a general interest in health among those who engage in health protective behaviours. Alternatively, some studies suggest that women who attend cervical screening are more likely to vaccinate their daughters against HPV [40] [41] [42] [43] , so it is possible that the screening intentions expressed by the vaccinated girls in our sample were reflective of their mothers' behaviour. We did not measure parental screening behaviour, but future studies should consider this possibility. Exposure to information about cervical screening during the HPV vaccination campaign (through leaflets, providers or discussions with their parents) could also explain increased intention to attend for screening in vaccinated girls, although all girls offered the vaccine are exposed to written information on screening, regardless of uptake. In additional analyses (not reported here) the association between vaccination status and intention to be screened remained significant after adjusting for previous awareness of cervical cancer screening, suggesting that attitudes rather than knowledge underpin this association. The association between vaccination status and screening intention is concerning because it suggests there will be a distinct group of women who remain unvaccinated and unscreened, and will therefore be at increased risk of cervical cancer. If this is the case, the expected impact of the vaccination programme on cervical cancer mortality, as estimated in modelling studies [4] , may be reduced. It will therefore be critically important to highlight the need for screening, particularly for unvaccinated women, in materials sent with future screening invitations to these cohorts. Of course, this study measured screening intention almost 10 years before girls were due to be invited, and it is unclear to what extent this will reflect their future behaviour.
The findings relating to ethnicity are also concerning, particularly as fewer women from non-white ethnic backgrounds tend to be screened for cervical cancer in the UK and elsewhere [6, 44] . Rates of cervical cancer in women from black and Asian backgrounds have been found to be higher than for white women in the 65+ age-group [45] . Incidence in women under 65 is currently lower among Asian women but is similar among black and white women, so lower vaccine uptake in black girls is of particular concern. Uptake may be low in non-white ethnic groups due to cultural barriers and parental concerns that vaccination may encourage sexual activity [46] . Studies have suggested the role of social sources of information and discussion (e.g. hearing about the HPV vaccine and discussing it with family or friends) are important for increasing perceived vaccine effectiveness [47] and increasing requests for the vaccine [48] . This supports previous research showing cues to action (e.g. a recommendation from friends, family or a doctor) are the strongest predictors of vaccine uptake [49] . These factors should be taken into consideration when developing health promotion campaigns (e.g. narrative leaflets) aimed at reducing ethnic inequalities in vaccine uptake. As increasing numbers of countries, including the UK, move to a two-dose HPV vaccine schedule [50] , ethnic inequalities might be reduced. Research in the US has shown that ethnic disparities occur mainly between initiators and completers, with those from non-white ethnic backgrounds being equally likely to initiate but less likely to complete the three dose course [51] . As we had a single response category for '1-2' doses, we were unfortunately unable to explore predictors of receipt of two or more doses in our sample.
This study benefited from a large sample size, including girls from a variety of ethnic and socioeconomic backgrounds. Response rates in both waves of data collection were very high at over 98% but we acknowledge that there could be systematic differences between the schools that readily agreed to take part in the study and those that refused or failed to respond to our initial contact. In addition, a significant number of girls were absent at the point of data collection or did not know their vaccine status, which may reduce the generalisability of the findings. Because recruitment was limited to London, and to schools with levels of vaccine coverage within 10% of the national average, the results may not be generalisable to England more widely or to schools where uptake is much higher or lower.
Self-reported uptake of the three-dose vaccine among girls in our sample (80% and 77% in the first and second cohorts respectively) was similar to figures for national uptake (84% in 2008/9; 81% in 2009/10) [1]. Our findings are likely to be more generalisable than those of previous studies in cohorts offered the HPV vaccine opportunistically [26, 27] . Vaccination status was self-reported which may have limited reliability 3 years post-vaccination. Around 10% of respondents did not know their vaccine status, and there was some variation between reported levels of vaccination in our sample and levels recorded by the Primary Care Trusts in which the schools were located (data not reported). We were unable to validate individual-level vaccine status due to the need to assure anonymity. As estimates of the accuracy of self-reported HPV vaccine status vary, more research in this context is warranted [52, 53] .
The 10% of girls who responded 'don't know' to the vaccine status question were similar in terms of demographic and behavioural risk factors to girls who were un/under-vaccinated (analyses not reported). We repeated our regression analyses including these girls in the un/under-vaccinated group, and found very similar results to those reported here, suggesting that these girls were unlikely to be fully vaccinated.
Conclusion
Our results suggest that un/under-vaccinated girls in England may be at disproportionately greater risk of cervical cancer due not only to their vaccine status, but also their low screening intentions. Efforts will be needed to ensure that un/under-vaccinated women understand the importance of cervical screening when they reach the age that screening invitations begin. There is also an urgent need to understand ethnic inequalities in vaccination uptake.
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